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INTRODUCTION 
Many of the early attempts to determine the mechanism of 
nucleophilic substitution at phosphorus were based on the use 
of optically �ctive compounds. Much of this work proved to be 
unsuccessful because of the difficulty.in obtaining the compounds, 
and their tendency to racemize or decompose during the reactions 
or workup. In the present work, a system has been developed that 
does not depend on optically active compounds. 
1 
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HISTORICAL 
It is the attempt of this section to illustrate and discuss 
early attempts to demonstrate the mechanism of nucleophilic substi­
tution at phosphorus using optically active compounds. 
Hudson and Green1 (Scheme 1) have demonstrated that the 
mechanism involves inversion of the configuration at the phosphorus 
atom. It was assumed that the reactions involving oxidation, (I) 
to (II), and quaternization at phosphorus, (I) to (III), proceeded 
with. retention of configuration. Since the products (II) and, (IV) 
had different signs of optical rotation, then (III) to (IV) must 
have gone by way of inversion. 
( +) 
(II) (+) 
Scheme 1 
Hudson and Green1 have also shown that retention may be 
involved in the mechanism of nucieophilic substitution (Scheme 2). 
✓ 
· As expected, (I) to (II) gave an inverted product in a manner 
similar to (III) to (IV) of Scheme 1. Compound (V) was opposite 
3 
in sign of optical rotation to (II). This change in sign of optical 
rotation showed that a positively charged phosphorus atom may 
undergo both retention and inversion. 
H3 c \ _ + I 
H5C
1/
P-CH2-C6H5 
H5C6 
( I) ( +24 °) 
OH- Jinversion 
/
CH3 
O=P
"' 
c2H 5 
C6
H
5 
(II) ( -22. 8 ° ) (IV) 
J Retention 
H3
c "' 
H5c2-P=O 
H5C6 
- (V) (+21.5 °) 
Scheme 2 
Hudson and Green1 have demonstrated additional examples of 
inversion using phosphinic derivatives (Scheme 3). It was assumed 
that reactions between the similar phosphinic derivatives proceeded 
by the saJne stereochemical change. Changes in sign o:f optical 
4 
rotation indicated that inversion occurred. Complete inversion must 
have therefore occurred in (II) to (III), (II) to (IVE), and (III) t� 
(IVC). No definite conclusions could be drawn as the products were 
not isolated due to racemization and decomposition on distillation. 
In addition, it was observed that (II) and (III) had undergone con­
siderable �oss of optical purity. Much of the racemization was 
attributed to the presence of the P=O structure. 
0 0 
fl H H3co-R-P-SCH C H  I 2 6 s ► R-P-OCR:3 
CH3 
(I) 
(II) 
CH3 
( +17°) (IVA) (+610) 
0 
H co- II 
-...cc.3 ___ > R-i!-ocH .... 
Inversion f -> 
CH3 
( +55°) (IVB) (-32.7°) 
NH 
4 
F J Inversion 
0 0 
Rj-OCH 
II H co-
R-P-F _3 ____ ➔ 
j Inversion 
CH3 
l 3 
c� 
(III) (-28°) ( IVC) ( +23 °) 
R=3-Phenanthryl 
Scheme 3 
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Aaron and Uyeda, et al. 2 have shown that similar reactions, 
(III) to (IVB) and (II) to (IVA), tend to proceed with the same 
stereochemical change (Scheme 4). Since it was found that (IVA) 
and (IVB) had opposite configurations and the reactions with c2H5o­
should have given the same stere.ochernical changes, (II) and (III) 
must have had opposite configurations. The conversion of (III) to 
(II) must have proceeded by way of inversion of configuration. It 
was also assumed that the conversion of (I) to (II) should have 
given retention since no bonds to phosphorus were broke�. The 
assumption was also made that (I) to (III) proceeded by inversion 
of configuration since (I) and (III) had opposite configurations. 
It was concluded that (III) to (I) should have yielded inversion, 
and this was found to be true. The final products were not optically 
pure making the mechanistic judgment somewhat difficult. 
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Scheme 4 
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.6 
Michalski and Ratajczak1 have found that similar reactions 
do not always proceed with the same stereochemical changes (Scheme 
5). Both (+) and (-) fonns of (IV) were obtained from two different 
thioates, (II) and (III), of the same configuration. 
Scheme 5 
0 
H5c20-U-s(cH) c1 
I 
2 2 
C2H5 
(III) 
� S02
Cl
2 
0 
II 
H C 0-P-Cl 
5 2 I 
C2H5 
(IV) ( +) 
Michalski3 has again shown that similar reactions do not 
always proceed with the same stereochemical changes (Scheme 6). 
7 
8 
Scheme 6 
Another example of the difficulties that may arise due to 
racemization, has been illustrated by Parisek, et al. 4 By �sing 
the logic utilized in Scheme 2, the product (V) was expected to have 
a configuration opposite that of (I). It was found, however, to be 
90% racemic with only a small net inversion. It was concluded that 
the racemization occurred in the alternate pathway (II) to (III) to 
(IV) to (V) (Scheme 7). 
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Hamer5 speculates that nucleophilic substitution reactions of 
fully esterified phosphate esters, phosphonates, and their thio 
analogues result in inversion of configuration. 
s s 
II . CF3CH2-NH2 fl 
CH30-Pf
-NHC6Hll ► CHJ OP' 
NHCH2cF3 
Inversion 
OH OH 
(+37 ° ) (-60) 
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GENERAL REACTION SCHEME FOR EXPERIMENTAL WORK 
Compound (C) was made by reacting (A) with (B) . 
/H2-\ 
. > R 1 -C-CH2-0-P 
\ I 
CH2-o 
(C) 
Schemes (C) to (E) and (C) to (F) were then investigated. 
R2NC1 
l 
PATHWAY B (C) to (F) 
CH2Cl 
I 
R 1 -C�
O
" 
O�P--+-O 
I 
(F) NR2 
EXPERIMENTAL 
The following work was performed at South Dakota State 
University, Brookings, South Dakota. 
Description of Instrumentation Used 
·-
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Melting points of all �ompounds were taken on a Thomas Hoover 
Capillary Melting Point Apparatus and are in degrees Centigrade. 
All infrared spectra were run as nujol mulls on the Beckman-
· m5 Infrared Spectrophotometer. 
Chemical analyses of (I) and (II) were performed by Galbraith 
Laboratories Inc., Knoxville, Tennessee 37921. All other analyses 
were performed by Miss Carol Myers at South Dakota State University. 
Methyl Bicyclic Phosphite 
Into a 500 ml single-necked standard taper 24/40 round 
bottom flask was placed 2-hydroJ<Ymethyl-2-methyl-1,3-propandiol, 
120 g (1.0 mole), triethyl phosphite, 16 g (1.0 mole), and 5 drops 
of triethylamine catalyst. 
The flask was fitted with a distilling head to which were 
attached various sized flasks used during the distillation. The 
flask was heated slowly on an oil bath and stirred by means of a 
magnetic stirrer. Ethyl alcohol began to distil .off when the oil 
bath reached 97°. The temperature was then raised to 130 ° over a 
period of 8½ hours, during which time 83.1% of the theoretical 
quantity of alcohol was obtained. The resulting clear solution 
solidified into a white compound on cooling. 
12 
- The mixture was distilled under vacuum using an air condenser 
to which was attached a multiple fraction distilling receiver and 
flasks. A low flame was used to melt the methyl bicyclic phosphite 
when it periodically solidified along the condenser and other areas 
of the distilling apparatus. The mixture was distilled at 42-149°, 
· ( . 11-1.80 rmn), and different fractions were collected. The mixture 
was redistilled under similar conditions. 
The mixture was recrystallized from acetonitrile after 
filtering the solution hot. The solution containing crystals was 
filtered with suction. The residue melted at 180-191 °, appro.aching 
the melting point of unreacted_ 2-hydro:xymethyl-2-methyl-1,3-
prop�ndiol, m. p. 199°. The filtrate was evaporated under reduced 
pressure on a Rinco Evaporator. The resulting white solid was 
recrystallized from warm. ether when the solution was quite con­
centrated. The mixture was filtered with suction. The residue of 
white crystals was purified by sublimation, .3-3 mm. The purified 
methyl bicyclic phosphite was obtained in 65.3% yield, m. p. 95-98°. 
An infrared spectrum taken of the compound agreed with the infrared 
data reported by Bellamy. 6 
The methyl bicyclic phosphite was stored in screw-cap sample 
vials with the caps very tightly screwed onto the vials to prevent 
hydrolysis. In addition, strips of polyethylene film were placed 
between the caps and vials. The vials were stored at 0°. 
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Methyl bicyclic phosphite was again prepared in a manner 
similar to that previously given, with modifications: Ethyl alcohol 
began to distil off when the oil bath reached 94 ° . The temperature 
was then raised to 134° over a period of 9 hours, during which time 
88 .1% of the theoretical yield of alcohol was obtained. The mixture 
was sublimed, .1-1.5 mm, then dissolved in warm ether and filtered 
by gravity twice. The solution was evaporated under reduced pressure 
on a Rinco Evaporator. The resulting solid was dried overnight in a 
vacuum oven at 37 ° . A sample of the mixture was not completely 
soluble in carbon tetrachloride upon warming, so the mixture was 
dissolved in warm carbon tetrachloride, and the hydrolyzed methyl 
bicyclic phosphite was removed as residue by gravity filtering the 
mixture twice. Considerable loss of methyl bicyclic phosphite, due 
to hydrolysis, occurred in these steps. The filtrate was evaporated 
under reduced pressure on a Rinco 'Evaporator. The solid was dried · 
in a vacuum oven at 37 ° overnight and sublimed, . 4-2. 5 nnn. About 
41 g of methyl bicyclic phosphite was obtained. An infrared spectrum 
of the compound was identical to the spectrum of the methyl bicyclic 
phosphite made previously. A melting point was difficult to de­
termine because of the tendency of the compound to undergo hydrolysis 
in open, moist air, m. p. 94-98°. The methyl bicyclic phosphite was 
sealed and stored as previously indicated. 
216147 ·s-ouTH DAKOTA STATE UNIVERSITY [[B�""RY 
2-Chloromethyl-2-methyl-1,3-propandiol-N-cyclopentylene Phosphoramide 
(I). 
The apparatus is shown in Fig. I. Into the standard taper 
19/22 250 ml round bottom reaction flask, with side tube, was placed 
_methyl _bicyclic phosphite, 14.81 g ( .1 mole), dissolved in 90 ml of 
methylene chloride . The methylene chloride had been dried over 
calcium chloride for 48 hours. 
Chlorine gas was passed through concentrated sulfuric acid and 
drying tubes containing calcium chloride, to remove excess moisture. 
The chlorine then entered the side tube of the reaction flask and 
was bubbled over the surface of the methylene chloride solution, with 
stirring and cooling. 
After 2¼ hours, the solution had a green color which is 
charpcteris�ic of excess chlorine. The chlorine addition was 
continued another½ hour. 
The solution was prought to a reflux to remove chlorine. After 
1 hour, the solution became colorless . 
The reflux condenser and attached calcium chloride drying tube 
were replaced by a 125 ml addition funnel containing piperidine, 
17.03 g (. 2 mole), dissolved in 20 ml of methylene chloride. The 
methylene chloride had been dried over calcium chloride for 48 hours. 
The piperidine solution was introduced drop1tlse to the re­
action flask, with stirring and cooling. After _the addition began, 
a large volume of white gas was present in the flask. After 10 
minutes, the solution in the flask was yellow and contained a 
15 
precipitate of the same color. The appearance of the mixture looked 
the same upon termination of the piperidine addition, 13 minutes later. 
The contents of the flask were filtered with. suction resulting 
in a light yellow filtrate and a yellow residue. The residue was 
washed in methylene chloride until it turned white. The residue was 
recrystallized from acetonitrile, resulting in 6. 21 g of crystals 
that were dried in an Abderhalen Dryer. An infrared scan of these 
crystals was identical to a scan of piperidine hydrochloride, made 
by adding concentrated hydrochloric acid, dropwise, to an equivalent 
amount of piperidine. 
The yellow filtrate was evaporated under reduced pressure on 
a Rinco Evaporator. The resulting viscous liquid crystallized, on 
standing, into a brown solid. _ The solid was recrystallized twice 
from n-heptane, giving 2. 81 g of white crystals with some yellow 
crystals remaining that were insoluble in· hot n-heptane. The white 
crystals were dried in an Abderhalen Dryer and an infrared spectrum 
was taken. The following characteristic peak was found: 
(P--.O). M. P. 154. 5-156 °. 
1230 
-1 cm 
Anal. Cal'd for c10H19o3c1NP: C, 44. 87; H, 7. 15; N, 5. 23. 
Found: C, 44.64; H, 7. 02; N, 5. 05. 
The remaining yellow crystals were recrystallized twice from 
ethanol, to give 3. 80 g of white crystals which were dried in an 
Abderhalen Dryer, m. p. 240-242 °. An infrared spectrum taken of the 
crystals agreed with the infrared data of methyl bicyclic phosphate 
as reported by Bellamy.
6 
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N-chloropiperidine 
Carbon tetrachloride, 50 ml, and 5¼% sodium hypochlorite, 
375 g (.26 mole), were added to a three-necked standard taper 19/22 
500 ml round bottom reaction flask. The center neck was fitted with 
a 125 ml addition funnel, while the end necks were fitted with rubber 
stoppers. Into the funnel was placed piperidine, 17.03 g (. 20 mole), 
in 31 ml of water. The solution was added dropwise to the reaction 
flask, with stirring and cooling, over a period of 45 minutes. 
The resulting upper aqueous and lower carbon tetrachloride 
layers were separated with a separatory funnel. The aqueous layer 
was extracted twice with 50 ml portions of carbon tetrachloride. 
The carbon tetrachloride solutions were combined and washed with 25 
ml of 8% sulfuric acid, and then with 25 ml of 5% sodium hydroxide. 
The �olume of the washed N-chloropiperidine-carbon tetrachloride 
solution was about 150 ml. The solution was placed in a brown bottle 
along with calcium chloride as a drying agent. The bottle was 
_tightly stoppered and stored in the dark for 2 days at 0°. 
2-Chloromethyl-2-methyl-1 23-propandiol-N-cyclopentylene Phosphoramide 
( II). Into a three-necked standard taper 19/22 500 ml round bottom 
reaction flask was placed methyl bicyclic phosphite, 14.81 g (. 1 
mole), dissolved in 73.5 ml of carbon tetrachloride. The end necks 
of the flask were fitted with rubber stoppers while the center neck 
was fitted with a 125 ml addition funnel attache� to a calcium 
chloride drying tube. 
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Into the funnel was placed 112. 5 ml (. 15 mole) of filtered 
N-chloropiperidine-carbon tetrachloride solution. The solution was 
added dropwise to the reaction flask, with stirring and cooling, 
over a period of one hour. The resulting mixture was slightly cloudy. 
The ice bath was removed but stirring was continued while 
the temperature of the mixture increased until a maximum of 34 ° was 
reached after two hours. The m�xture became progressively cloudier 
until the maximum temperature was reached. Stirring was continued 
for another 2½ hours, and the mixture allowed to stand overnight. 
The mixture contained a large amount of white precipitate 
that was filtered with suction, giving a white solid residue. The 
filtrate was evaporated with a Rinco Evaporator, giving a white 
solid. Both solids were recrystallized separately; first from 
acetonitrile, and twice from ethyl acetate. The resulting crystals 
were dried separate1y in an Abderhalen Dryer. Infrared spectra of 
the two samples showed they were identical. The following charac­
teristic peak was observed: 1235 cm-l (P->O). A total of 10.50 
g of material was obtained, m. p. 183-185 °. 
Anal. Cal'd for c
10
1 -r
19
o
3c1NP: C, 44. 87; H, 7. 15; N, 5.23. 
Found: C, . M-. 84; H, 7 . 15; N, 4. 87. 
2-ChJoromethyl-2-methyl-1,3-propandiol-N-cyclobutylene Phosphoramide 
(III). The apparatus is shown in Fig. I. The preparation of (III) 
was similar to the preparation of (I). The methylene chloride was 
dried over calcium chloride for two hours. Chlorine gas was added 
18 
to the reaction flask, with stirring and cooling, over a period of 
3 hours and 45 minutes. The flask, containing a small amount of 
white precipitate, was allowed to stand overnight, connected to the 
drying tubes. The green solution was brought to a reflux, which 
concentrated the solution slightly. After one hour, the solution 
appeared colorless and contained no precipitate. 
Into the 125 ml addition�funnel was put pyrrolidine, 14.25 g 
(. 2 mole) , dissolved in 53 ml of methylene chloride. The methylene 
chloride had been dried over calcium chloride for a few hours. The 
pyrrolidine solution was added dropwise to the reaction flask, with 
stirring and cooling, over a period of one hour. Stirring was 
continued for ten more minutes. 
The resulting yellow soiution, containing no precipitate, was 
evapQrated under reduced pressure on a Rinco Evaporator. 
The resulting mixture was filtered with suction to give 4. 81· 
g of yellow residue and a viscous filtrate. The residue was re­
crystallized from ethyl acetate and washed with a few ml of n-heptane, 
to give about 4.5 g of white crystals. An infrared spectrum was 
identical to the spectrum of methyl bicyclic phosphate previously 
described •. 
The viscous filtrate could not be distilled under high vacuum 
due to decomposition occurring. 
Further· precipitation of the filtrate ceased on attempts to 
evaporate it under reduced pressure with a Rinco Evaporator. The 
filtrate was placed iri a hood draft for several days and then stored 
j 
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at 0° for several days. A white precipitate appeared which was 
filtered off. The process was continued until precipitation ceased. 
· A very small portion of the white precipitate was dissolved 
in a few ml of distilled water. To this solution was added two drops 
of 1% silver nitrate. A large amount of milky precipitate formed, 
indicating the_ presence of ionic chloride. 
The viscous liquid was dissolved in 100 ml of distilled 
water, with vigorous shaking. After standing for several hours with 
no apparent crystallization, the mixture was extracted four times 
with 25 ml portions of ether. The mixture was shake:q. vigorously 
during each extraction. 
The ether extractions were placed in a tightly stoppered 
flask along with just enough qalcium ch�oride to prevent a salting 
out .effect which occurs when the calcium chloride becomes t1mushyu . 
After two days, the ether solution was filtered from the mixture, 
and the calcium chloride washed three times with ether. The combined 
ether solutions were evaporated under reduced pressure on a Rinco 
Evaporator, to give a white viscous liquid which turned into a gummy 
·residue upon scratching with a glass rod and cooling with dry ice. 
The gummy residue was tak�n up in hot heptane, filtered hot, 
cooled in ·a dry ice-acetone bath, and the mixture filtered. The 
above process was repeated thirty times, alternately using the same 
filtrate and fresh n-heptane as solvent. A white solid was obtained 
which was recrystallized from n-heptane, to give about½ g of product 
which was dried in an Abderhalen Dryer using acetone as solvent, 
m. p. 94-98°. An infrared spectrum indicated the presence of the 
following characteristic peak: 1215 cm-
1 (P➔ 0) . 
A!.ml• Cal'd for _c
9
H17o3NPC1: C, 42.62; H, 6. 76. 
Found: C, 3 9. 80; H. 6. 67. 
N�chloropyrrolidine 
20 
N-chloropyrrolidine was prepared in a l}lclnner similar to the 
preparation of N-chloropiperidine. Into the 125 ml addition funnel 
was p�aced pyrrolidine, 14. 23 g (. 2 mole) , dissolved in 40 ml of 
water. The addition of the pyrrolidine solution to the reaction 
flask was completed after 30 minutes. 
2-Chloromethyl-2-methyl-1,3-propandiol-N-cyclobutylene Phosphoramide 
(IV). The preparation of (IV) was similar to the preparation of 
. -
(II). Into the three-necked standard taper 19/22 500 ml round bottom 
reaction flask was placed methyl bicyclic phosphite, 5.02 g (. 0337. 
mole) , dissolved in 29 ml of methylene chloride. Into the 125 ml 
addition funnel was placed 38 ml (. 051 mole) of filtered N-chloro­
pyrrolidine-carbon tetrachloride solution. This solution was added 
dropwise to the reaction flask, with stirring and cooling, over a 
period of 1 hour and 15 minutes. A white precipitate was present.· 
The ice bath was removed and stirring continued while the temperature 
of the solution increased until a maximum of 28 ° was reached after 
l½ hours. Stirring was continued for another l½ hours, and the 
mixture allowed to stand overnight. 
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The mixture was filtered 1tlth suction to give a white solid 
residue and a slightly yellow filtrate. The filtrate was evaporated 
under reduced pressure on a Rinco Evaporator to give a white solid. 
Both solids had the same solubility characteristics so they were 
combined to give 10. 96 g of crude, wet material. The material was 
recrystallizeq twice from n-heptane using the same filtrate as 
solvent. White crystals were obtained which were dried in an 
Abderhalen Dryer, m. p. 165-166. 5 °. An infrared spectrum indicated 
the following characteristic peak: 1235 cm-l (P->O) . 
Anal. Cal 1 d for c9H17o3NPC1: C, 42. 62; H, 6.76. 
Found: C, 42. 63; H, 6. 41. 
2-Chloromethyl-2-methyl-1,3-propandiol-N-cyclohe.xylene Phosphoramide 
(V). The apparatus is shown in Fig. IJ. The three-necked standard 
taper 24/40 500 ml round bottom reaction flask, Friedrichs Con­
denser, and nitrogen and chlorine delivery tubes had been dried 
overnight in an oven at 110°. All openings in the glassware were 
stoppered upon removal of the apparatus from the oven._ The dry 
rubber stoppers were removed upon assembly of the apparatus. Nitrogen 
gas was passed through a mixture of pyrogallol, 15 g in 100 ml of 
50% potassium hydroxide, to ren:iove oxygen. The two 250 ml erlen­
m.eyer flasks served as traps to prevent the pyrogallol mixture from 
backing up. The nitrogen gas was dried by passing it through a 
drying tube consisting of calcium chloride and phosphorus pento.xide 
contained in a sealed water jacket from a distilling column 2 feet 
long. Nitrogen was introduced into the reaction flask slow y for 
about thirty minutes. The delivery tubes, reaction flask, and 
condenser were flamed out to remove any moisture. 
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Into the flask was placed methyl bicyclic phosphite, 7.00 g 
( . 0473 mole).  The phosphite was dissolved in  75 ml  of dry methylene 
chloride, which had been dried by distilling it twice over phosphorus 
pentoxide ont9 Linde 4A Molec�lar Sieves and stored in a dry box. 
All solvent distillations were- done under nitrogen . 
To prevent the oxidation of methyl bicyclic phosphite to 
methyl bicyclic phosphate, a blanket of nitrogen was bubbled through 
the system before the addition of chlorine began and during the 
addition of chlorine over the surface of the liquid in the flask. 
Before entering the reaction flask, the chlorine was dried by passing 
it through concentrated sulfuric acid tnto a drying tube consisting 
of phosphorus pentox.ide and calcium chloride contained in a sealed 
water jacket from · a distilling column two feet long. 
After the chlorine addition began, white gas was present in 
the reaction flask. The _chlorine was added with stirring and 
cooling, over a period of 3 hou�s. The mixture was allowed to stand 
· overnight with drying tubes attached. A very small a�ount of pre­
cipitate -appeared to be present in the reaction flask. This was 
filtered off ,dth suction to give a negligible amount of residue. 
The solution was brought to a reflux until no odor of chlorine 
gas was present. ,enty ml of dry methylene chloride ,�as added to 
the reaction flask to make up for volu.i�e loss which occurred during 
the refluxing. 
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The Friedrichs Condenser and attached drying tube con­
taining calcium chloride and phosphorus pentoxide were replaced by 
a 125 ml addition funnel. Into the addition funnel were placed 2 
equivalents of hexamethylenimine, 9. 38 g ( . 0946 mole) , and 34 ml of 
dry methylene chloride . The two solutions were mixed and the re­
sulting solution was added dropwise to the reaction flask, with 
stirring and cooling. A large -volume of white gas was produced 
upon the addition of the hexamethylenimine solution which was 
completed after 40 minutes. Stirring and cooling were continued 
for several more. minutes. 
The resulting yellow sol-ution contained some white precipitate. 
The mixture was filtered with suction to give a negligible amount 
of white residue and a yellow filtrate. . The filtrate was evaporated 
under reduced pressure on a Rinco Evaporator to give a yellow viscous 
liquid and a yellow solid. 
Test tube solubility tests indicated part of the mixture was 
soluble in hot ethyl acetate, while part rras insoluble. Ethyl 
acetate was added in hopes of separating the desired product from 
the hexamethylenimine hydrochloride . The mixture was brought to a 
boil and filtered hot, the proc�ss repeated several ti.mes. The 
re·sidue gave indications of being a salt since it was solubTe in 
water. The filtrate was evaporated under reduced pressure u�ing a 
Rinco Evaporator . A viscous yellow liquid was obtained, portions 
of which resisted attemp s at recrystallization using various solvents 
in test tubes. 
An attempt was made to obtain the viscous liquid in more 
crystalline fonn by procedures utilized before in the separation 
of (III) from the salt. One hundred ml of water was added to . the 
viscous liquid with vigorous shaking. As no crystallization was 
observed after the solution stood for several hours, the mixture 
was extracted �ith four 25 ml portions of warm ether. The mixture 
was shaken vigorously during each extraction. · The ether layers were 
dried as before, and evaporated under reduced pressure on a Rinco 
Evaporator. 
A viscous salt free liquid was obtained which turned into a 
gummy residue after freezing it in a dry ice-acetone bath while 
scratching and crushing with a stirring rod. The residue was 
extracted several times with boiling n-h�ptane, and recrystallized 
using a dry ice-acetone bath, leaving a gummy residue. The residue 
was allowed to dry in a hood draft for two days which decreased the· 
viscosity. The same recrystallization process was repeated, giving 
a very small amount of solid material as residue. The filtrate 
was evaporated under reduced pressure on a Rinco 'Evaporator • . A 
negligible amount of solid material and some viscous semisolid 
material were obtained. The compound was not dried in an Abderhalen 
Dryer because of the tendency to turn amorphous at 65-69 °. An in­
frared spectrum indicated the following characteristic peak: 
1215 cm -
l 
(P� O) .  
Anal. Cal'd for c11H21o3
PNC1: C, 46 . 90; H, 7. 51. 
Found : C, 40. 41 ; H, 6 . 41. 
r 
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N-chlorohexamethylenimine 
N-chlorohexamethylenimine was prepared in a manner similar 
to the preparation of N-chloropiperidine .  Into the 125 ml addition 
funnel was placed hexamethylenimine , 19 . 84 g ( . 2 mole), dissolved 
in 3 1  ml of water. The addition of the he.xamethylenimine solution 
to the reactio� flask was completed after about 3 0  minutes. 
2-Chloromethyl-2-methyl-1,3-propandiol-N-cyclohe.xylene Phosphoramide 
(VI) . The preparation and purification of (VI) was similar to the 
preparation and purification of (II) . Into the three-necked standard 
taper 19/22 500 ml round bottom reaction flask was placed methyl 
bicyclic phosphite, 5. 12 g (. 0344 mole) , dissolved in 40 ml of 
carbon tetrachloride . Into the 125 ml addition funnel was placed 
40 ml ( . 0533 mole) of filtereq N-chlorohexamethylenimine-carbon 
tetr.achloride solution. The addition was completed after 45 minutes. 
The resulting yellow solut�on contained a- white precipitate . _ The 
ice bath was removed after 15 minutes but stirring was continued 
while the temperature of the solution increased until a maximum of 
30°  was reached after an hour and 20 minutes. Stirring was continued 
for another 40 minutes and the mixture allowed to stand overnight. 
The yellow solution, containing a large. amount of white precipitate , 
was filtered with suction to give a white residue and a yellow 
filtrate. The filtrate was evaporated in vacuum on a Rinco :Evaporator 
leaving a white solid which was mixed with the white residue .  The 
solid material was recrystallized twice from n-heptane giving 6.91 
g of crystals. 
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The crystals were dried for an hour in an Abderhalen Dryer, 
using water as solvent . Apparently too much heat was applied as the 
crystals turned slightly grey in color. The crystals were re­
crystallized from n-octane and dried for ½ hour in an Abderhalen 
Dryer. No change in physical appearance was observed after drying, 
m. p. 127-129 ° � An infrared spectrum of the compound showed the 
following characteristic peak : .123 5 cm-1 (P➔ 0). 
Anal. Cal ' d  for C11H210:JPNCl : C, 46.90 ; H, 7.51. 
Found: C, 46 . 71 ;  H, 7. 42. 
2�Chloromethyl-2-·ethyl-l ,3-propandiol-N-cyclobutylene Phosphoramide 
(IX) .  The apparatus is shown in Fig. II. The preparation of (IX) 
was similar to the preparation of (V). The pyrogallol solution was 
remade. Into the three-necke� standard �aper 24/40 500 ml round 
bottpm reaction flask was placed ethyl bicyclic phosphite, 4. 19 g 
( .02575 mole), dissolved in 60 ml of dry methylene chloride. _ 
Ethyl bicyclic phosphite was prepared according to the 
method of Wadsworth and Enmons. 7 Although contained in a tightly 
stoppered; standard taper 24/40 100 ml flask, the c·ompound was im­
pure due to the visible hydrolysj.s which had taken place . The 
flask was fitted to a distilling head attached to a multiple fraction 
distilling receiver and flasks. The 100 ml flask was heated slowly 
by means of an oil bath. Ethyl bicyclic phosphite began to distil 
when the oil bath reached 97 °. The temperature of - the bath was 
raised slowly to 120 ° during a period of 3 hours and 40 minutes, 
until the distillation was completed, . 4-. 6 mm. A low flame and 
'--. 
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steam run through the condenser were used to melt the ethyl 
bicyclic phosphite when it periodically solidified along the 
condenser and other areas of the distilling apparatus. Different 
fractions were collected and 23 . 15 g of material appeared pure so 
it was sealed and stored in the same manner as methyl bicyclic 
phosphite. One fraction, however, contained a few drops of unknown 
liquid so the fraction was sublimed, .J-1 . 0  mm, and stored and 
sealed in the same manner. 
Chlorine gas was added to the reaction flask , with stirring 
and cooling, over a period of. 6 hours. To remove excess chlorine 
without refluxing, the reaction flask was stirred overnight, without 
cooling. Nitrogen gas was bubbled very slowly through the reaction 
flask during this time to keep out wate� vapor. Twenty ml of dry 
met}wlene chloride was added to the reaction flask. 
Two equivalents of pyrrolid.ine, 3 . 68 g ( . 0515 mole) , were 
added to 20 ml of dry methylene chloride. The solution was added 
to the reaction flask from a 125 ml addition funnel. The addition 
was completed after 45 minutes. The cooled react ion flask was 
stirred for 15 more minutes. 
The. resulting clear solution was evaporated under reduced 
pressure on a Rinco Evaporator and then in a hood draft. The re­
sulting solid was only very slightly viscous. The solid mixture 
was recrystallized twice from n-he.xane, giving white needle shaped 
crystals which were dried in an Abderhalen Dryer, m. p. 145-146° . 
An infrared spectrum showed the following characteristic peak: 
1220 cm-1 ( P � O ) . 
Anal. Cal ' d  for c
10
H
19
o
3
PNC1: C, 44. 87; H, 7.15. 
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Found: C, 44. 7-5; H, 7. 16. 
2-Chloromethyl-2-ethyl-1,3-propandiol-N-cyclobutylene Phosphoramide 
(X) . The preparation of (X) was similar to the preparation of ( II ). 
Into the three-necked standard �aper 19/22 500 ml round bottom 
reaction flask was placed ethyl bicyclic phosphite, 5. 46 g ( .0337 
mole), dissolved in 30 to 40 ml of carbon tetrachloride, with 
warming . To the· 125 ml addition funnel , was added 39 ml ( . 053 mole) 
of filtered, freshly prepared N-chloropyrrolidine-carbon tetrachloride 
solution . The solution was added dropwise to the reaction flask, 
with stirring and cooling, over a peri�� of 2 hours. The ice bath 
was removed, the stirring_ was continued for 5 or 6 hours, and the 
mixture allowed to· stand overnight. The resulting mixture, con­
taining a white precipitate, was filtered with suction to give a 
white solid and a slightly yellow filtrate. The residue turned 
slightly oily and gradually darkened on standing for several hours. 
The filtrate was evaporated with reduced pressure on a Rinco 
Evaporator to give a white soli�. The solid and the dark residue 
we·re recrystallized twice from n-heptane separately, leaving black 
tars behind as insoluble material. 
m. p .  
The resulting crystals were dried in an Abderhalen Dryer, 
0-142 . 5 ° . An infrared spectrum taken of each sample showed 
them to be identical. The following characteristic peak was 
identified: 1220 cm-1 (P� 0). 
Anal. Cal'd for c10H19o3PNC1 : C, 44. 87; H, . 7. 15 . Found: 
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C,  44 . 84; H, 6. 95. 
2-Chloromethyl-2-ethyl-1,3-propandiol-N-cyclohexylene Phosphoramide 
(XI). The app�ratus is shown in Fig. II . The preparation of (XI) · 
was similar to the preparation of (V) . The pyrogallol solution was 
remade. Into the 500 ml standard taper 24/40 round bottom reaction 
flask was placed ethyl bicyclic phosphite, 8 . 12 g ( .05 mole), 
¢issolved in 60 ml of dry methylene chloride. Chlorine gas was 
added to the reaction flask, with stirring and cooling, over a period 
of 10 hours. The solution was stirred for several hours until color­
less and then gently refluxed _for 5 minu�es until the chlorine odor 
was gone . 
Into the 125 ml addition funnel was placed hexamethylen:i.mine, 
9. 92 g (. 10 mole), dissolved in 20 ml of dry methylene chloride. The 
hex.amethylenimine solution .was added dropwise to the flask, with 
stirring and cooling , over a period of one hour and 15 minutes. The 
ice bath was maintained and stirring continued for another 3 0  minutes. 
The resulting brown solution, containing a small amount of white pre­
cipitate, was filtered with suction leaving a white residue and a 
brown filtrate. The residue was soluble in water and fonned a milky 
precipitate with . 1  molar silver nitrate solution, indicating the 
presence of ionic chloride as would be found in hexamethylenimine 
hydrochloride . 
The filtrate was evaporated under reduced pressure on a 
Rinco Evaporator to give a brown solid and some viscous liquid. 
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The mixture was extracted several times with boiling n-hex.a.ne and 
the resulting oily mixture was again taken up in hot n-hexane and 
filtered hot. The filtrate contained three layers :  an  oily orange 
layer on the bottom, an oily white layer in the middle, and a 
colorless layer on top that consisted mainly of solvent. The middle 
layer crystallized to some degree, but attempts to filter . it with 
suction were unsuccessful as the white crystals mixed with the 
viscous bottom layer. 
Boiling hexane was added to the combined layers and the 
mixture was again filtered hot. The filtrate again contained 
three layers. The middle layer again crystallized to some degree. 
Cold n-hexane was added to the solution to dissolve the crystals, 
as the bottom layer was insoluble. Two layers remained. The top 
layer was decanted into a suction filter, leaving the brown oily 
material which was ex:tract�d and decanted 6 more times with cold 
n-hexane. The filtrate was evaporated by suction leaving white 
crystals which were recrystallized from n-heptane. Recrystallization 
was not attempted due to insuffi?ient quantity of crystals. The 
crystals were dried in an Abderhalen Dryer, m. p. 113-115 ° . An  
infrared spectrum taken of the crystals showed the following 
characteristic· peak : 1230 cm-l (P�O) . 
Anal. Cal ' d for C12H24°-3PNCl : C, 48. 57; H, 8. 15. Found : 
C, 47. 81; H, 7. 81. 
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The brown oily material was evaporated in a hood draft. The 
resulting gurrany solid contained smalr white particles. This solid 
was dissolved in a few ml of carbon tetrachloride . and the resulting 
brown solution was run through an acid washed alumina chromatography 
column, 54 cm long and 1 cm in diameter. Four fractions were col-
· 1ected that were evaporated in a hood draft to yield more solid 
material that was less viscous. � This material was recrystallized 
twice from n-octane. The crystals were dried in an Abderhalen 
Dryer, m. p .  114-116°. An infrared spectru.� of the crystals was 
identical to the · spectrum of (XI) taken previously. 
2-Chloromethyl-2-ethyl-1,3 -propandiol-N-cyclohe.xylene Phosphoramide 
(XII) . The preparation of (XII) was similar to the preparation of 
(II) . Into the three-necked standard t�per 19/22 500 ml round 
botoom reaction flask was placed ethyl bicyclic phosphite, 5 .47 g 
(.033 7 mole) , dissolved in 30 ml of carbon tetrachloride, with 
warming. Into the 125 ml addition funnel was placed 50 ml ( .067 
mole) of filtered N-chlorohex.amethylenimine-carbon tetrachloride 
solution. The solution was previously prepared in excess for the 
preparation of (VI) . 
The. N-chlorohexamethylenimine solution was added dropwise 
to the reaction flask, with stirring and cooling, over a period 
of 1½ hours. The ice bath was removed but stirring was continued 
for several more hours, and the solution allowed to stand overnight. 
The mixture was filtered with suction to give· a white .residue and a 
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filtrate . The residue was recrystallized from n-�eptane and 
n-hexane to give white · crystals which were dried in open air, m. p. 
84-85 ° . An infrared spectrum showed the following characteristic 
peak: 1235 crn-1 (P � 0). 
Anal . Cal ' d  for c
12
H
24
o
3
PNC1: C, 48 . 57; H, 8.15. Found : 
C, 48. 41 ; H, 7.81. 
The filtrate was evaporat�d with a Rinco Evaporator to give 
a white solid which was recrystallized 3 times from n-hexane, m. p. 
83-85. 5 ° . An infrared spectrum of the crystals was identical to 
the spectrum of (XII) . 
2-Bromomethyl-2-methyl-1 ,3-propandiol-N-cyclohexylene Phosphoramide 
(XIII). The preparation of (XIII) was similar to the preparation of 
(V) . The apparatus is shown in Fig . II �xcept that the chlorine gas 
delivery system was not used in that the chlorine delivery tube was re­
placed by a rubber stopper. The pyrogallol solution was remade. Into 
the 500 ml three-necked standard taper 24/40 round bottom reaction 
flask was placed methyl bicyclic phosphite, 7. 10 g ( .048 mole). Seven­
ty ml of dry methylene chloride was added to dissolve the methyl 
bicyclic phosphite . The 125 ml addition funnel was .fitted with a 
calcium chloride and phosphorus p_entoxide drying tube . Into the 
funnel was placed 2 equivalents of liquid bromine, 7. 66 g (.0958 
mole) , dissolved in 50 ml of dry methylene chloride . Nitrogen gas 
was bubbled slowly through the system before and during the drop-
wise· addition of the bromine solution to the reaction flask, with 
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stirring and cooling . A small amount of white gas was present in 
the reaction flask 15 minutes after the addition began . The solution 
in the flask was green in color. After 40 minutes the bromine ad­
dition was completed. The resulting liquid was light yellow in 
color and contained a small amount of precipitate . The cooled 
solution was stirred for 40 more minutes and filtered with suction. 
The negligible amount of residue consisted mainly of impurities 
and a viscous brown solid which was probably methyl bicyclic phosphate. 
The filtrate was returned to the reaction flask where it was brought 
to a reflux for i· hour until the odor of excess bromide had dis­
appeared. 
Into the addition funnel was placed 2 equivalents of hexa­
methylenimine, 9. 50 g (. 0958 mole) , dissolved in 50 ml of dry 
methwlene chloride . The he.xamethylenimine solution was added drop­
wise to the reaction flask, with stirring · and cooling. A large 
volume of white gas appeared in the flask after the addition began . 
The addition was completed _an hour and 15 minutes later. The re­
sulting light yellow solution was evaporated with reduced pressure 
on a Rinco Evaporator to give yellow crystals in a small amount of 
brown viscous liquid. The mixture was extracted several times with 
warm ether. The mixture was shaken - during each extraction. The 
ether layers were combined and evaporated under reduced pressure on 
a Rinco Evaporator to give a brown, slightly viscous solid containing 
white particles. _ Attempts to find a good solvent for recrystalli­
zation of portions of the material failed. Part of the mixture was 
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recrystallized from carbon tetrachloride after letting the solution 
stand in open air for about 2 days. The resulting solution, con­
taining crystals, was filtered with suction and washed with 2-3 
ml of cold n-heptane. The crystals were not recrystallized due to 
the lack of material and the difficulty encountered in recrystalli­
zation. The ccystals were dried in open air. The exact melting 
point of the impure compound was._ difficult to determine, m. p. 112-
1220. An infrared spectrum of the compound indicated the following 
characteristic peak: 1230 cm-1 (P�O) .  
Anal. Cal ' d for c11H21o3PNBr: C, 40. 51; H, 6.49. Found: 
C, 39. 81; H, 6.31. 
An attempt was made to prepare 2-chloromethyl-2-methyl-1, 3-
propandiol-N, N ' -dicyclohe.xyl P�osphorami�e (XIV) . The attempted 
prep�ration was similar to the preparation of (I) . The  apparatus 
is shown in Fig. I. A viscous liquid was · isolated which was dried 
and recrystallized, giving white crystals, m. p. 173-176°. Infrared 
spectra indicated the chara�teristic P� O stretching frequency 
appeared at a lower energy value then expected: 1175 cm-
l 
(P-� O) .  
A n  attempt was also made to prepare 2-chloromethyl-2-methyl-
1, 3-propandiol-N,N ' -dicyclohe.xyl Phosphoramide (XV) . The attempted 
preparation was similar to the preparation of (II) . The isolated 
compound gave varying melting points, most of them greater than 
290 °. Infrared spectra resembled dicyclohexylamine hydrochloride. 
No characteristic P--> 0 stretching frequency was found. 
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Attempts at isolating 2-chloromethyl-2-methyl-1, 3-propandiol 
Phosphorochloridate and 2-Bromomethyl-2-methyl-1,3-propandiol 
Phosphorobromidate as solids ended in failure. Viscous liq�ids 
were obtained. 
An attempt was also made to prepare nitro bicyclic phosphite 
in a manner s�ilar to the preparation of methyl bicyclic phosphite. 
Ethyl alcohol did not distill of! readily. The contents of the 
reaction flask gradually darkened due to decomposition during the 
distillation. 
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RESULTS 
Table 1 
Compound R ' Amine used PATHWAY Melting 
(R2N
H) Point 
( I ) CHJ CNH A 154 . 5-156° 
( II) cH
3 CNH B 183--185° 
( III) CH
3 CNH A 94-98° 
( IV) CHJ D B 165�166 . 5 ° 
c� turned (V) CH3 A amorphous 65-69 ° 
(VI) CH3 o� B 127-129 ° 
· (VII)a . C2H5 0 A 161-162° 
Compound R '  
( VIII)a · C2H5 
(IX) C2H5 
(X) C2H5 
(XI) C2H5 
(XII) C2H5 
Table 1 (continued) 
Amine used 
(R2NH) 
0 
CNH 
D 
0 
CNH 
PATHWAY 
B 
A 
B 
A 
B 
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Melting 
. Point 
99-100° 
145-146 ° 
140-142 . 5° 
113-115° 
84-85 ° 
(a) Wadsworth, W .  s . , Jr. , !!_ .  Org. �- , 32, 1603 (1967) . 
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Infrared data given in the previous section of this thesis, 
shows that compounds (I) through (VI) ' and (IX) through (XII) , Table 
1, - had the characteristic P �O stretching frequency6, 1215-1235 
cm-1• An infrared spectrum of (VII) showed the P�O stretching 
frequency at 123 5 cm-1 while a spectrum of (VIII) showed the peak 
at 1245 cm-1 •
. 
In addition, the spectra of structures having the 
same substituents were identical except in the fingerprint region 
where there was little similarity. 
The results of chemical analyses agreed with the calculated 
values except for carbon values in (III) and (V) . These compounds 
were hard to purify because of their viscous nature. Also their 
analyses may not have been accurate due to the lack of available 
material. 
Melting point data of compounds (I) through (VI) , Table 1, 
reveals that each compound made by PATHWAY B had a higher melting 
point than the isomer made by PATHWAY A. For compounds (VII) 
through (XII) ,  the opposite was true. 
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THEORETICAL 
In order to gain a better understanding of the mechanisms 
. involved, it is necessary to consider the possible transition 
states and the possible hybridizations of the phosphorous atom. 
The hybridizations give two reasonable transition states for phos­
phorous iri nucleophilic substitution reactions, a square pyramid 
structure and a trigonal bipyramid structure . 
A diagram of a square pyramid structure formed from 
d 
2 2
Px?
y-
Pzs hyqridization shows that all bonds are equival�nt x �  . . -
and equatorial. The presence of non-bonded repulsions could lead 
to instability. The structure is known to exist ih Sb( C6H5
)
5 
and 
is believed to exist in P( C6H5)5 and As( C6H5 )5.
1 
X 
X= -' - - --OC 
I ·--p--1 
{�-� 
A trigonal bipyramid structure is formed by hybridization 
of a Pz orbital with a d  2 
orbital. The two resulting pd bonds 
z 
interact with three sp2 orbitals to form a trigonal bipyramid. 
X , , , I ' 
X.-,;R,, x. x- � 
The bonding in a trigonal bipyramid is not equivalent . 
As a result of the pd-sp2 hybridization, the axial (pd) bonds 
could be longer and weaker than the equatorial (sp2) bonds. 
The non-equivalent bonding system could give rise to two 
other situations. The first situation would result in five sp3d 
bonds of equal . energy. The second case would have equatorial 
bonds weaker than axial bonds. 
pd x- -
2 
sp 
All the possible combinations of trigonal bipyramid and 
square pyramid structures result in six possible structures. 
These structures were postulated by Haake and Westheimer8 as a 
result of experiments run on the acid catalyzed hydroly?is of 
phosphate esters . 
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It was found that the cyclic phosphate ester underwent 
hydrolysis 108 times faster than the open chain analogue. It was 
also found that ol-8 exchange occurred in the cyclic phosphate 
ester at almost the same rate as hydrolysis. The c18 exchange 
reaction was: 
H 0
18 
H C--0 018 2 )"- 2 ,  '\� 
+ � 
H H2C-O OH 
The conclusion reached was that the accelerated rate was due to 
the relief of strain through the formation of trigonal bipyramid 
and square pyramidal structures having equal energies. The six 
possible structures as shown by McEwen, et al,9 are illustrated 
below: 
(A) Exchange 
( B) Hydrolysis 
( C ) Exchange 
CH2 
"cH 
1
2 
- 90� -�OH 
� ,, / + p 
. 
/ 
/ 
I 
�oH + 2 
0 
( D) Hydrolysi s 
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. 0 
( E) Exchange 
0 
(F) Hydrolysis 
It is  necessary to discuss these six possible structures 
to discover which are accurate representations. Structures (A) 
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_ and (B) have the axial positions activated. Reactions at these 
positions would be of the Stf type. In (A), bond breaking at the 
�ctivated positions would not break the ring so (A) would be a 
representation. of an exchange reaction. In (B) , bond breakage at 
the activated positions could result in ring bre�age so (B) would 
be a representation of a hydrolysis reaction. In (A) the O-P-0 
bond angle is 120 ° . In (B), it is 90 ° . Both (A) and (B) are 
discounted since · the 0-P-O bond angle would have to be the same to 
have equal energy in the transition state. For the reaction rates 
to be the same, it is necessary that the transition  states have 
equal energy. 
In (C) and (D) equatorial positions are activated. These 
positions are occupied by entering and leaving groups. In (C) , 
bond breakage  at the activated positions would not break the ring so 
{ C) would be a representation of an exchange reaction. In ( D), 
bond breakage at the activated positions could result in  ring 
breakage so (D )  would be a representation of a hydrolysis reaction. 
In (C) and (D) the O-P-0 bond angle is 90 °. Structures (C) and 
(D) are acceptable. Since the bond angle is the same in both, they 
would have equal energies in the transition state and hence the 
reaction rates would be the same. It is to be noted that in each 
trigonal bipyramid structure shown, two o.:x:ygen atoms span the 
O-P-O-CH2-cH2 ring. One is equatorial, the other ·axial. 
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In the square pyramidal structures (E) and (F) , entering 
and leaving groups occupy the activated equatorial positions. 
Structure (E) would be a representation of an exchange reaction 
since bond breaking at the activated position would not break the _ 
ring. Structure (F) would be a representation of a hydrolysis 
reaction since bond breaking at the activated position could 
result in ring opening. In (E) _ and (F) the 0-P-O _ bond angle is 
90° . Structures (E) and (F) would be accurate representations. 
Since the bond angle is the same, both structures would have equal 
energies in the transition states thus making the reaction rates 
equal. 
As a consequence of the possible transition states, a 
number of stereochemical chang�s were postulated by Haake and 
Westqeimer9 , Table 2. 
Table 2 
Transition Position of Position of Stereo-
state attacking departing chemical 
structure grou2 grou12 result 
Trigonal bipyramid equatorial axial retention 
Trigonal bipyramid axial equatorial retention 
Trigonal bipyrarnid axial axial inversion 
Trigonal bipyramid equatorial equatorial inversion 
Square pyramid equatorial equatorial retention 
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The conclusion to be reached is that for reactions involving 
trigonal bipyramids, it is uncertain whether the mechanism involves 
retention or inversion of configuration. It is important to note 
that the above table has only been postulated and not proven due 
to lack of experimental evidence. 
Dennis. and Westheimer report an inversion mechanism in­
volving a trigonal bipyramid where the attacking group was axial 
and the departing group which was fonnerly equatorial left in an 
axial position. This is explained by the concept of pseudorotation . 10 
·The reaction involved the hydrolysis of methyl ethylene phosphate. 
In (I), phosphorus exists in a tetrahedral structure. 
Water then adds in an axial manner to give (II) in a trigonal bi­
pyramid structure. Struct�re (II) satisfies the constraints of 
Westheimer ' s  hypothesis that for pseudorotation to occur; (a) more 
polar groups, as 6.xygen atoms, preferentially occupy axial positions 
and the less polar groups, as alkyl groups , occupy equatorial 
positions and (b) five-membered rings span one equatorial and one 
axial position in trigonal bipyramids. 11 A proton shift from (II) 
results in (III) . Structure (III) containing axial and equatorial 
bonds progresses to diequatorial (IV). The strained (IV) relaxes 
bac to a new axial-equatorial structure ( V) in which the metho.:xyl 
group is axial. In (III) , this group was equatorial .  A proton then 
H+ + H o + 83
c
,oJI_· o -•-► H3
c
,/lS) $ 2 
A · \li7 
(I) 
OH2 
(II) 
! i 
(III) 
(V) (VI) 
i ! 
. + fl 
C� OH + H + HO-P-0 
. I I 
(VII) 
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migrates to give (VI) . Structure (VI) eliminates the protonated 
metho.xyl group giving the final compound, (VII).  
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Since the configuration is inverted and the attacking group, 
H2o,  adds axially, the leaving protonated metho.xyl group must have 
·been axial , Table 2. The metho.xyl group was originally equatorial, 
however, so pseudorotation is the only logical explanation of the 
mechanism. The pseudorotation.. mechanism allows the ring to occupy 
one axial position at all times, while one group first enters and 
then departs from the second axial position. 
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Dig,CUSSION OF RESULTS 
Factors concerning the mechanism of nucleophilic substitution 
at phosphorus, the transition state involved, an� the concept of 
pseudorotation can be applied to the results of this thesis. 
PATHWAY B or (C) to (F) , page 10, results in an isomer 
whose configuration is a consequence of the bridged structure of 
the bicyclic phosphite and the mechanism of the ring-opening 
Arbuzov reaction. ? PATHWAY A or (C) to (E), page 10, yields a 
different isomer having the same substituents . 
It was found that the chemical analyses of (E) and (F) 
were similar and agreed closely with the calculated values. The 
melting points of (E) and (F) were different. The infrared 
spectra of (E) and (F) were identical except in the fingerprint 
region where there was little similarity. These factors indicated 
that although (E) and (F) had the same chemical composition, they 
were different and were isomers. The assumption was then made 
that since PATHWAY B yi.elded (F) of known configuration, PA'l'IBtJAY A 
must proceed by inversion. 
It is also very likely that the pseudorotation mechanism is 
operative in PATHWAY A. A trigonal bipyramid is fonned upon 
addition of the amine, R2NH •  In order to span the P-O-CH2-C(R
1 ) 
(CH2Cl)-CH2�o ring, one oxygen atom must be equatorial , the other 
axial . Assuming the ne attacks axially, in a manner similar 
to that described for the water molecule, the chlorine a tom must 
have been eouatorial since both available axial positions were 
utilized. 
The pseudorotation mechanism then occurs which results 
in the equatorial chlorine atom becoming axial. The chlorine 
atom then departs in the axial position to give ( E), page 10. 
Table 2 indicates that  if inversion occurs, and if the 
amine attacks axially ,  the chlorine atom mus t  leave axially. If -
the chlori ne atom was originally equatorial, the most logical way 
it could have become axial is through the mechanism of pseudo­
rotation . The transi tion state must  involve a trigonal bipyramid 
as a consequence of inversion of configuration . A square pyramid 
transiti on s tate ,  Table 2 ,  gives retention of C?nfiguration . 
52 
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Different conformations are suggested by the reversal of 
melting point trends when the CH3 group is replaced by the_ bulkier 
C H . group. A logical explanation is that the bulky CH2Cl group 2 5 
occupies _ the equatorial position while the CH3 group is axial. The 
favored confonnations for this series are (I) and (II) corresponding 
·' 
to ( F) and ( E_) ,  respectively, page 10 . The bulky c2H5 group may 
tend to be equatorial, forcing_ the CH2Cl group to become axial. 
Confonnations (III) and (IV) are the favored ones in this series, 
corresponding to (F) and (E), respectively, page 10 . 
( I) 
(III) 
( II )  
CH
J I o H
5
c2-C�� 
. P-NR.2 
(IV) 
1 .  
2. 
3 .  
4 .  
5 .  
6. 
7 .  
a .  
9 .  
10. 
11 . 
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